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(54) CHARGED PARTICLE CARRIER TYPE IONIZATION DEVICE AND ITS METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a charged particle 
carrying type ionization device and its method capable of 
discharging even a narrow space without generating 
ozone, electromagnetic noise, dust and the like, and 
allowing elongation of an ion carrying distance. 
SOLUTION: In this device, first and second ion 
generation chambers 8a, 8b are provided with soft X-ray 
generation parts 9a, 9b for ionizing an ion carrier gas 
with soft X-rays to generate positive and negative ions. 
The first and second ion generation chambers 8a, 8b are 
also provided with water vapor supply parts 12a, 12b and 
lowtemperature gas supply parts 1 3a, 1 3b for generating 
minute mist by cooling water vapor with a low- 
temperature gas to make the water vapor in a 
supersaturated state. Coarse charged particles 
generated from the positive and negative ions and the 
minute mist are carried to a reheating part 30 through 
carrier tubes 18a, 18b, and are heated in the reheating 
part 30 to vaporize the minute mist, so that only the 
positive and negative ions remain behind. The residual positive and negative ions are supplied to 
a charged body S. 




* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
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[Claim 1]A charged particle conveyance type ionization device comprising: 

A tube which supplies ion carrier gas [ near the charge body ] in order to remove static 

electricity. 

A humidification means which humidifies ion carrier gas supplied in said tube in a charged particle 
conveyance type ionization device provided with an ionization means which ionizes a part of ion 
- carrier gas supplied in said tube, and is used as positive/negative ion. 

A cooling method which makes a supersaturation state a steam in this ion carrier gas, and 
generates minute mist by cooling said humidified ion carrier gas. 

A big and rough charged particle generating means which mixes said positive/negative ion and 
said minute mist, considers it as a big and rough charged particle, and supplies this big and rough 
charged particle to said tube. 

[Claim 2]A charged particle conveyance type ionization device comprising: 

A tube which supplies ion carrier gas [ near the charge body ] in order to remove static 

electricity. 

In a charged particle conveyance type ionization device provided with an ionization means which 
ionizes a part of ion carrier gas supplied in said tube, and is used as positive/negative ion, A 
cooling method which makes water vapor of this air a supersaturation state, and generates 
minute mist by using air as said ion carrier gas f and cooling said air supplied in said tube. 
A big and rough charged particle generating means which mixes said positive/negative ion and 
said minute mist, considers it as a big and rough charged particle, and supplies this big and rough 
charged particle to said tube. 

[Claim 3]Consider it as a big and rough charged particle which are icy particles characterized by 
comprising the following, provide a big and rough charged particle generating means which 
supplies this big and rough charged particle to said tube, and said tube, Said charge body is 
discharged by an electric charge which particles of said ice have by supplying said big and rough 
charged particle near said charge body, The charged particle conveyance type ionization device 
according to claim 1 or 2 washing said charge body surface by flipping off particles on said 
surface of a charge body by particles of said ice simultaneously. 

A cooling method which generates icy particles from a steam in this ion carrier gas by cooling 
said ion carrier gas containing said steam below to nullity. 

Said positive/negative ion and particles of said ice are mixed, and it is an electric charge. 

[Claim 4]Provide an ozone generating device which supplies ozone to said ion carrier gas, and 
said cooling method, By cooling said carrier gas containing said steam and said ozone at less 
than -80 degree, Generate icy particles from a steam in this ion carrier gas, and generate minute 
mist of pzone to ozone in this ion carrier gas, and said tube, Said charge body is discharged by 
an electric charge which particles of said ice and minute mist of said ozone have by supplying 
said big and rough charged particle near said charge body, Flip off particles on said surface of a 
charge body by particles of said ice simultaneously, and. The charged particle conveyance type 
ionization device according to claim 3 washing said charge body surface by decomposing into 
carbon dioxide and water and removing an organic matter on said charge body according to 
minute mist of said ozone. 

[Claim 5]The charged particle conveyance type ionization device according to claim 1, 2, 3, or 4, 
wherein said cooling method is a generation-of-gas means to generate low-temperature nitrogen 
gas. 

[Claim 6]The charged particle conveyance type ionization device possessing a reheat means to 
heat said ion carrier gas in this tube [ near the exit of said tube ], and to evaporate said minute 
mist according to claim 1 or 2. 

[Claim 7]A charged particle conveyance type ionization device comprising: 

A tube which supplies ion carrier gas [ near the charge body ] in order to remove static 

electricity. 

A carbon dioxide generating means which generates choke damp of low temperature containing 
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minute particles of dry ice in a charged particle conveyance type ionization device provided with 
an ionization means which ionizes a part of ion carrier gas supplied in said tube, and is used as 
positive/negative ion. 

A big and rough charged particle generating means which mixes said positive/negative ion and 
minute particles of said dry ice, considers it as a big and rough charged particle, and supplies this 
. big and rough charged particle to said tube. 

[Claim 8]A tube which supplies ion carrier gas [ near the charge body ] in order to remove static 
electricity. 

An ionization means which ionizes a part of ion carrier gas supplied in said tube, and is used as 
positive/negative ion. 

A carbon dioxide generating means which is the charged particle conveyance type ionization 
device provided with the above, and generates choke damp of low temperature containing minute 
particles of dry ice, It is considered as a big and rough charged particle which are minute 
particles of dry ice which mixes said positive/negative ion and minute particles of said dry ice, 
and has an electric charge, Provide a big and rough charged particle generating means which 
supplies this big and rough charged particle to said tube, and said tube, Said charge body is 
discharged by an electric charge which minute particles of said dry ice have by supplying said big 
and rough charged particle near said charge body, Said charge body surface is washed by flipping 
off particles of the surface of said charge body by minute particles of said dry ice 
simultaneously. 

[Claim 9]The charged particle conveyance type ionization device possessing a reheat means to 
heat said ion carrier gas in this tube [ near the exit of said tube ], and to sublimate minute 
particles of said dry ice according to claim 7. 

[Claim 10]A charged particle conveyance type ionization device of claim 1 thru/or 9, wherein 
said ionization means is a soft-X-ray generator or seal radioisotope given in any 1 paragraph. 
[Claim 11]The charged particle conveyance type ionization device according to claim 1, wherein 
said ion carrier gas is unreactive gas of a high grade and said ionization source is a low energy 
electron beam generating means, an ultraviolet-rays generating means, surface creepage, or a 
corona discharge generating means. 

[Claim 12]In order to remove static electricity, supply ion carrier gas [ near the charge body ] 
with a tube, and. In a charged particle conveyance type ionizing method which ionizes a part of 
ion carrier gas supplied to said tube by an ionization means, By humidifying ion carrier gas 
supplied in said tube, and cooling said humidified ion carrier gas, A charged particle conveyance 
type ionizing method a steam in this ion carrier gas is made into a supersaturation state, and 
minute mist is generated, mixing said positive/negative ion and said minute mist, considering it as 
a big and rough charged particle, and supplying this big and rough charged particle to said tube. 
[Claim 13]In order to remove static electricity, supply ion carrier gas [ near the charge body ] 
with a tube, and. In a charged particle conveyance type ionizing method which ionizes a part of 
ion carrier gas supplied to said tube by an ionization means, By using air as said ion carrier gas, 
and cooling said air supplied in said tube, A charged particle conveyance type ionizing method 
water vapor of this air is made into a supersaturation state, and minute mist is generated, mixing 
said positive/negative ion and said minute mist, considering it as a big and rough charged 
particle, and supplying this big and rough charged particle to said tube. 

[Claim 14]By cooling said ion carrier gas containing said steam below to nullity, It is considered 
as a big and rough charged particle which are icy particles which generate icy particles from a 
steam in this ion carrier gas, mix said positive/negative ion and said minute mist, and have an 
electric charge, By supplying this big and rough charged particle to said tube, and supplying said 
big and rough charged particle near said charge body, The charged particle conveyance type 
ionizing method according to claim 12 or 13 washing said charge body surface by discharging said 
charge body by an electric charge which particles of said ice have, and flipping off particles on 
said surface of a charge body by particles of said ice simultaneously. 

[Claim 15]In order to remove static electricity, supply ion carrier gas [ near the charge body ] 
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with a tube, and. In a charged particle conveyance type ionizing method which ionizes a part of 
ion carrier gas supplied to said tube by an ionization means, A charged particle conveyance type 
ionizing method generating choke damp of low temperature containing minute particles of dry ice, 
mixing said positive/negative ion and minute particles of said dry ice, considering it as a big and 
rough charged particle, and supplying this big and rough charged particle to said tube. 
[Claim 1 6]In order to remove static electricity, supply ion carrier gas [ near the charge body ] 
with a tube, and. In a charged particle conveyance type ionizing method which ionizes a part of 
ion carrier gas supplied to said tube by an ionization means, It is considered as a big and rough 
charged particle which are minute particles of dry ice which generates choke damp of low 
temperature containing minute particles of dry ice, mixes said positive/negative ion and minute 
particles of said dry ice, and has an electric charge, By supplying this big and rough charged 
particle to said tube, and supplying said big and rough charged particle near said charge body, A 
charged particle conveyance type ionizing method washing said charge body surface by 
discharging said charge body by an electric charge which has the minute particles of said dry ice, 
and flipping off particles of the surface of said charge body by minute particles of said dry ice 
simultaneously. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the charged particle conveyance type ionization 
device and method for removing the static electricity mainly generated in a clean room. 
[0002] 

[Description of the Prior Art] Conventionally, in the clean room which manufactures a 
semiconductor, a liquid crystal display (following, LCD), etc., generating of static electricity poses 
a problem. In the case of the clean room of semiconductor manufacture, it causes generating of 
static electricity that it is low humidity environment, that the plastic container which carries a 
wafer and a semiconductor device is charged easily, etc. On a wafer surface, this static 
electricity makes dust adhere, or destroys IC and the semiconductor device on a wafer, and is 
reducing the yield of a product. 

[0003]In the case of LCD, construction material etc. which are different by down stream 
processing are contacted, and the static electricity by frictional electrification generates it. 
Since insulation is high and especially the glass substrate used for this LCD tends to generate 
static electricity in a large area, the electrostatic discharge damage by a lot of static electricity 
has affected the yield of the product. 

[0004]Then, the ionization device which neutralizes the electric charge of a charge body with ion 
is known from before as a device from which the static electricity in the production environment 
of such a clean room etc. is removed. This ionization device generates corona discharge by 
impressing positive or negative high tension to a positive or negative electrode, respectively. And 
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the air around the above-mentioned electrode tip is ionized to positive and negative, this ion is 
conveyed according to an air current, and the ion of reverse polarity neutralizes the electric 
charge on a charge body. 
• [0005] 

[Problem(s) to be Solved by the Invention] However, in the ionization device using such corona 
. discharge, in order to prevent consumption of the ion by which made generating of ion easy and 
it was generated, the electrode is allocated near the electric discharge subject in the state 
where it exposed. For this reason, oxygen in the air ozonated and there was a case where 
malfunction of a precision mechanical equipment, a computer, etc. was caused, by the 
electromagnetic waves generated from a discharge electrode at the case where the surface of a 
silicon wafer oxidizes, and the time of discharge. There was a case where an electrode material 
disperses from the electrode worn out by corona discharge, or the minute amount gas 
constituents in the air particleHzed by corona discharge, deposited on an electrode, and carried 
out a re entrainment. 

[0006]The miniaturization is following manufacturing installations, such as a semiconductor and 
LCD, every year, and it is becoming difficult with the conventional ionization device to secure 
the installing space optimal in a manufacturing installation in recent years. That is, in order for an 
ionization device to perform effective electric discharge, the space of size suitable between the 
electrode for generating ion and an electric discharge subject was required, but it is difficult with 
the miniaturization of a manufacturing installation in recent years to take such an installing space 
for an ionization device. 

[0007]For example, in the manufacturing process of LCD, a glass substrate is remarkably 
charged by contact and exfoliation. Therefore, electric discharge is performed from the former by 
ionization device which was mentioned above. However, since the processing speed of a 
manufacturing system is quick, a glass substrate is thoroughly stored by the cassette in many 
cases, without discharging electricity. Within such a cassette, since between the glass substrates 
and glass substrates which were stored was narrow, when the conventional ionization device was 
used, it was difficult for the flow of the ionized air not to enter but to discharge a glass 
substrate. Therefore, the demand to the measure against static electricity in such a narrow 
space is also increasing. 

[0008]In order to solve the above problems, ion is generated within the ion generating unit 
installed in the place distant from the charge body, the ion is conveyed by the transportation 
means of a tube etc., and the ionization device of the method which discharges a charge body is 
examined. In this case, the thing using soft X ray for example as an ion generating unit is known. 
When this soft X ray is used, even if it ionizes any of air or unreactive gas, ozone does not 
occur, there are not scattering of an electrode material, deposition of the impurity in the air, and 
raising dust like a re entrainment, either, and generating of an electromagnetism noise does not 
take place, either. 

[0009]In order to install an ion generating unit in the place distant from the charge body, 
Compared with the conventional ionization device made to generate ion near the charge body, 
electricity can be discharged also to a narrow space by there being no necessity of taking the 
installing space for an ionization device in a manufacturing installation, and conveying ion with a 
tube. 

[0010] However, in the ionization device which conveys ion with such a tube, since the diffusion 
rate of the ion by which it was generated was quick, the case where some ion adhered to the 
wall of a tube was during conveyance. That is, in order that ion might decrease in number by 
adhering, there was a problem that it was difficult to lengthen a tube and the carrying distance of 
ion had a limit. 

[0011]this invention is proposed in order to solve the problem of the above conventional 
technologies, and it comes out. The purpose is to provide the charged particle conveyance type 
ionization device and method of discharging electricity also to a narrow space and lengthening 
carrying distance of ion which can carry out things, without causing generating, raising dust, etc. 
of a ****** noise. 
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[0012] 

[Means for Solving the Problem]A charged particle conveyance type ionization device provided 
with the following, Or in order to remove static electricity, ion carrier gas is supplied [ near the 
charge body ] with a tube, and it is a charged particle conveyance type ionizing method which 
ionizes a part of ion carrier gas supplied to said tube by an ionization means, and has the 
following composition. 

A tube which supplies ion carrier gas [ near the charge body ] in order to remove static 
electricity. 

An ionization means which ionizes a part of ion carrier gas supplied in said tube, and is used as 
positive/negative ion. 

[0013]The invention according to claim 1 a humidification means which humidifies ion carrier gas 
supplied in said tube, and by cooling said humidified ion carrier gas, A cooling method which 
makes a supersaturation state a steam in this ion carrier gas, and generates minute mist, and 
said positive/negative ion and said minute mist are mixed, and it is considered as a big and rough 
charged particle, and is characterized by providing a big and rough charged particle generating 
means which supplies this big and rough charged particle to said tube. 

[0014]By the invention according to claim 12 catching the invention according to claim 1 from a 
viewpoint of a method, humidifying ion carrier gas supplied in said tube, and cooling said 
humidified ion carrier gas, A steam in this ion carrier gas is made into a supersaturation state, 
minute mist is generated, said positive/negative ion and said minute mist are mixed, and it is 
considered as a big and rough charged particle, and is characterized by supplying this big and 
rough charged particle to said tube. 

[001 5] According to the invention given in claims 1 and 12, the following operations are obtained. 
That is, ion carrier gas is ionized to positive/negative ion, and by humidifying and cooling ion 
carrier gas, a steam in ion carrier gas is made into a supersaturation state, and minute mist is 
generated. By mixing minute mist with these positive/negative ion, positive/negative ion adheres 
to minute mist by collision etc., and a big and rough charged particle of positive/negative is 
generated. This big and rough charged particle is conveyed [ near the charge body ] by a tube, 
neutralizes a charge body, and removes static electricity. 

[001 6]Thus, speed which moves to a wall from a center of a tube of a big and rough charged 
particle, i.e., a diffusion rate, falls remarkably by making positive/negative ion into a big and rough 
charged particle by an electric field which charged particle clouds form themselves in a tube. For 
this reason, quantity of ion eventually supplied to a charge body can be prevented from being 
able to decrease quantity of ion adhering to a wall of a tube during conveyance, and decreasing. 
Therefore, it becomes possible to lengthen a tube enough and carrying distance of ion can be 
extended as compared with the former. 

[0017]By the invention according to claim 2 using air as said ion carrier gas, and cooling said air 
supplied in said tube, A cooling method which makes water vapor of this air a supersaturation 
state, and generates minute mist, and said positive/negative ion and said minute mist are mixed, 
and it is considered as a big and rough charged particle, and is characterized by providing a big 
and rough charged particle generating means which supplies this big and rough charged particle 
to said tube. 

[0018]By the invention according to claim 13 catching the invention according to claim 2 from a 
viewpoint of a method, using air as said ion carrier gas, and cooling said air supplied in said tube, 
Water vapor of this air is made into a supersaturation state, minute mist is generated, said 
positive/negative ion and said minute mist are mixed, and it is considered as a big and rough 
charged particle, and is characterized by supplying this big and rough charged particle to said 
tube. 

[0019]According to the invention according to claim 2 or 13, in order to use air as ion carrier 
gas, claim 1 or a humidification means of 12 is unnecessary. That is, by cooling water vapor of 
the air, it will be in a supersaturation state and minute mist occurs. When this minute mist and 
positive/negative ion are mixed, a big and rough charged particle is generated and this big and 
rough charged particle is conveyed near the charge body by a tube. For this reason, like the 



file://C:\Documents and Settings\kitagawa\My Documents\JPOEn\JP-A-2000-208293... 2009/10/13 



JP-A-2000-208293 



Page 7 of 17 



invention according to claim 1 or 1 2, during conveyance, quantity of ion adhering to a wall of a 
tube can be decreased, and carrying distance of ion can be lengthened. 

[0020]The invention according to claim 3 by cooling said ion carrier gas containing said steam 
below to nullity in the invention according to claim 1 or 2, A cooling method which generates icy 
particles from a steam in this ion carrier gas, It is considered as a big and rough charged particle 
. which are icy particles which mix said positive/negative ion and particles of said ice, and have an 
electric charge, When a big and rough charged particle generating means which supplies this big 
and rough charged particle to said tube is provided and said tube supplies said big and rough 
charged particle near said charge body, Said charge body is discharged by an electric charge 
which particles of said ice have, and it is characterized by washing said charge body surface by 
flipping off particles of the surface of said charge body by particles of said ice simultaneously. 
[0021 ]In [ the invention according to claim 14 catches the invention according to claim 3 from a 
viewpoint of a method, and ] the invention according to claim 12 or 13, By cooling said ion carrier 
gas containing said steam below to nullity, It is considered as a big and rough charged particle 
which are icy particles which generate icy particles from a steam in this ion carrier gas, mix said 
positive/negative ion and said minute mist, and have an electric charge, By supplying this big and 
rough charged particle to said tube, and supplying said big and rough charged particle near said 
charge body, Said charge body is discharged by an electric charge which particles of said ice 
have, and it is characterized by washing said charge body surface by flipping off particles on said 
surface of a charge body by particles of said ice simultaneously. 

[0022]According to the invention according to claim 3 or 14, icy particles occur by cooling a 
steam in ion carrier gas below at nullity. By carrying out electrification of the particles of this ice 
with positive/negative ion, it becomes a big and rough charged particle, and is conveyed near the 
charge body by a tube. Particles on a charge body are flipped off by icy particles at the same 
time a charge body is discharged by electric charge which icy particles have at this time. For this 
reason, it becomes possible to wash the charge body surface. Thus, since particles of a solid 
with large mass are sprayed on an object surface and washed, a high cleaning effect can be 
acquired compared with a case where fluids, such as water and air, are sprayed and washed. 
[0023]The invention according to claim 4 possesses an ozone generating device which supplies 
ozone to said ion carrier gas in the invention according to claim 3, When said cooling method 
cools said carrier gas containing said steam and said ozone at less than -80 degree, When icy 
particles are generated from a steam in this ion carrier gas, and minute mist of ozone to ozone in 
this ion carrier gas is generated and said tube supplies said big and rough charged particle near 
said charge body, Discharge said charge body by an electric charge which particles of said ice 
and minute mist of said ozone have, and flip off particles on said surface of a charge body by 
particles of said ice simultaneously, and. By decomposing into carbon dioxide and water and 
removing an organic matter on said charge body according to minute mist of said ozone, it is 
characterized by washing said charge body surface. 

[0024]According to the invention according to claim 4, when ozone is supplied into ion carrier 
gas and the ion carrier gas is cooled by less than -80 degree, icy particles and minute mist of 
ozone are generated, and it becomes a big and rough charged particle, and is conveyed near the 
charge body by a tube. Particles on a charge body are flipped off by icy particles at the same 
time a charge body is discharged by electric charge which icy particles and minute mist of ozone 
have at this time, and it is decomposed into carbon dioxide and water by minute mist of ozone, 
and an organic matter on a charge body is removed. For this reason, the charge body surface 
can be washed efficiently. 

[0025]The invention according to claim 5 is characterized by said cooling method being a 
generation-of-gas means to generate low-temperature nitrogen gas in the invention according to 
claim 1, 2, 3, or 4. According to the invention according to claim 5, ion carrier gas will be cooled 
by low-temperature nitrogen gas, a steam in ion carrier gas will be in a supersaturation state, 
minute mist occurs or a steam serves as. icy particles. Therefore, a big and rough charged 
particle is generable with easy composition. 

[0026]The invention according to claim 6 is characterized by providing a reheat means to heat 
said ion carrier gas in this tube [ near the exit of said tube ], and to evaporate said minute mist 
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in the invention according to claim 1 or 2. According to the invention according to claim 6, by 
heating the neighborhood of an exit of a tube, for example with an electric heater etc., minute 
mist evaporates, it becomes positive/negative ion, and they are supplied to a charge body. 
[0027]A carbon dioxide generating means which generates choke damp of low temperature in 
which the invention according to claim 7 contains minute particles of dry ice, Said 
positive/negative ion and minute particles of said dry ice are mixed, and it is considered as a big 
and rough charged particle, and is characterized by providing a big and rough charged particle 
generating means which supplies this big and rough charged particle to said tube. 
[0028]The invention according to claim 15 catches the invention according to claim 6 from a 
viewpoint of a method, Choke damp of low temperature containing minute particles of dry ice is 
generated, and said positive/negative ion and minute particles of said dry ice are mixed, and it is 
considered as a big and rough charged particle, and is characterized by supplying this big and 
rough charged particle to said tube. 

[0029]According to the invention according to claim 7 or 15, the following operations are 
obtained. That is, minute particles of carbon dioxide, i.e., particles of dry ice, are generated, and a 
big and rough charged particle of positive/negative is generated by mixing it and 
positive/negative ion. By conveying this big and rough charged particle with a tube, like the 
invention according to claim 1, 2, 12, or 13 mentioned above, quantity of ion adhering to a wall of 
a tube can be decreased, and carrying distance of ion can be lengthened during conveyance. 
[0030]A carbon dioxide generating means which generates choke damp of low temperature in 
which the invention according to claim 8 contains minute particles of dry ice. It is considered as 
a big and rough charged particle which are minute particles of dry ice which mixes said 
positive/negative ion and minute particles of said dry ice, and has an electric charge, When a big 
and rough charged particle generating means which supplies this big and rough charged particle 
to said tube is provided and said tube supplies said big and rough charged particle near said 
charge body, Said charge body is discharged by an electric charge which minute particles of said 
dry ice have, and it is characterized by washing said charge body surface by flipping off particles 
of the surface of said charge body by minute particles of said dry ice simultaneously. 
[0031]The invention according to claim 16 catches the invention according to claim 8 from a 
viewpoint of a method, It is considered as a big and rough charged particle which are minute 
particles of dry ice which generates choke damp of low temperature containing minute particles 
of dry ice, mixes said positive/negative ion and minute particles of said dry ice, and has an 
electric charge, By supplying this big and rough charged particle to said tube, and supplying said 
big and rough charged particle near said charge body, Said charge body is discharged by an 
electric charge which has the minute particles of said dry ice, and it is characterized by washing 
said charge body surface by flipping off particles of the surface of said charge body by minute 
particles of said dry ice simultaneously. 

[0032]According to the invention according to claim 8 or 16, in order to supply a big and rough 
charged particle which carried out electrification of the particles of dry ice to a charge body, 
while a charge body is discharged by the electric charge, particles on a charge body are flipped 
off by particles of dry ice, and the charge body surface can be washed by them. Thus, compared 
with a case where fluids, such as water and air, are sprayed and washed, a high cleaning effect 
can be acquired by spraying particles of a solid with large mass on the surface of an object, and 
washing them. 

[0033]The invention according to claim 9 is characterized by providing a reheat means to heat 
said ion carrier gas in this tube [ near the exit of said tube ], and to sublimate minute particles of 
said dry ice in the invention according to claim 7. According to the invention according to claim 
9, by heating the neighborhood of an exit of a tube, for example with an electric heater etc., dry 
ice sublimates, it becomes positive/negative ion, and they are supplied to a charge body. 
[0034]The invention according to claim 10 is characterized by said ionization means being a 
soft-X-ray generator or seal radioisotope in an invention of claim 1 thru/or 9 given in any 1 
paragraph. According to the invention according to claim 10, generating of ozone and an 
electromagnetism noise and raising dust can be lost in the case of ionization. 
[0035]In the invention according to claim 1, said ion carrier gas is unreactive gas of a high grade, 
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and the invention according to claim 1 1 is characterized by said ionization source being a low 
energy electron beam generating means, an ultraviolet-rays generating means, surface creepage, 
or a corona discharge generating means. According to the invention according to claim 11, 
' generating of ozone and an electromagnetism noise and raising dust can be lost by using 

unreactive gas containing oxygen to such an extent that ozone, such as high grade N 2 gas, is not 

" generated as gas. 
[0036] 

[Embodiment of the Invention]Hereafter, the concrete embodiment of this invention is described 
with reference to drawings. 
[0037][1 . 1 st embodiment] 

[1-1. composition] Drawing 1 is a mimetic diagram showing the composition of the ionization 
device by a 1st embodiment of this invention. As shown in the figure, the ionization device 
comprises the big and rough charged particle generating part 10, the transportation part 20, the 
reheating section 30, and the mixing part 40. The feed pipe 4 which is a gas supply means which 
supplies unreactive gas, such as air in a clean room etc. or high grade N 2 gas (henceforth ion 

carrier gas) is formed in the big and rough charged particle generating part 10, and it is allocated 
in the 2-way by the branch pipe. Each feed pipe 4a and 4b is connected to the entrance side of 
the 1st and 2nd ion generation chambers 8a and 8b via the valves 5a and 5b, the flow 
instruments 6a and 6b, and the membrane filters 7a and 7b. 

[0038]"High grade N 2 gas" shall be N 2 gas by which the oxygen density does not generate ozone 

including oxygen or the steam of a grade which form an anion and which is a grade (about 5% or 
less) here. 

[0039]The outlet sides which counter the above-mentioned entrance side are the 1 st and 2nd 
ion generation chambers 8a and 8b with the terminal area with the transportation part 20. The 
soft-X-ray generators 9a and 9b are formed in the side (or upper surface) of the 1 st and 2nd ion 
generation chambers 8a and 8b as an ionization means, respectively. These soft-X-ray 
generators 9a and 9b are constituted so that the ion carrier gas supplied from the above- 
mentioned feed pipes 4a and 4b may be ionized, respectively within the 1st and the 2nd ion 
generation chamber 8a, and 8b. Here, the soft-X-ray windows of source container 1 1a and 1 1b 
are formed in the connection section with the ion generation chambers 8a and 8b of the soft-X- 
ray generating parts 9a and 9b, and soft X ray is irradiated from here in the 1 st and the 2nd ion 
generation chamber 8a, and 8b. 

[0040]The steam feed zones 12a and 12b which are humidification means, and the low 
temperature gas feed zones 13a and 13b using the fluid N 2 gas bomb etc. which are cooling 

methods are formed in the side (or upper surface) of the 1st and 2nd ion generation chambers 
8a and 8b. That is, a steam and low temperature gas, such as N 2 gas, are supplied from the 

water vapor generator and low temperature gas generator which are not illustrated via the filters 
14a and 14b, and 15a and 15b in the 1st and the 2nd ion generation chamber 8a, and 8b, 
respectively. When using air as ion carrier gas, the above-mentioned steam feed zones 12a and 
1 2b may be omitted. 

[0041]By cooling the steam supplied from these steam feed zones 12a and 12b with the low 
temperature gas supplied from the low temperature gas feed zones 13a and 13b, it will be in a 
supersaturation state and minute mist occurs. [ and / in the 1st and the 2nd ion generation 
chamber 8a, and 8b ], When the ion (namely, minute charged particle) of positive/negative by 
which it was generated by irradiating the ion carrier gas supplied with soft X ray adheres to the 
above-mentioned minute mist, the big and rough charged particle which uses positive or negative 
ion as a core is generated. The above 1st and the 2nd ion generation chamber 8a and 8b support 
the big and rough charged particle generating means given in claims 1, 2, and 7. 
[0042]The filter electrodes 16a and 16b of honeycomb shape are formed, respectively in the 
space along which a big and rough exit slippage, i.e., the above, charged particle passes from the 
soft-X-ray windows of source container 11a and 1 1b in the 1st and the 2nd ion generation 
chamber 8a, and 8b. The high voltage power 17b of the negative electrode is connected to the 
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DC high voltage power 17a of an anode, and the filter electrodes 16b at the filter electrodes 16a, 
respectively. That is, the big and rough charged particle of an antipole is absorbed by impressing 
the voltage of the big and rough charged particle which wants to take out the filter electrodes 
16a and 16b from the 1st and 2nd ion generation chambers 8a and 8b, and like-pole nature. 
Thereby, by the 1 st ion generation chamber 8a, by the big and rough charged particle [ of an 
anode ], and 2nd ion generation chamber 8b, unipolar separation is carried out and the big and 
rough charged particle of a negative electrode is supplied to the transportation part 20 through 
the filter electrodes 16a and 16b from the outlet side of the 1st and 2nd ion generation 
chambers 8a and 8b. 

[0043]The conveyance tubes 18a and 18b of the transportation part 20 are connected to the 
above-mentioned outlet side of the 1st and 2nd ion generation chambers 8a and 8b. As 
construction material of these conveyance tubes 1 8a and 1 8b, Teflon, polypropylene, or 
VCM/PVC is used, for example. 

[0044]The reheating section 30 is located before [ exit ] the conveyance tubes 18a and 18b, and 
has the composition of heating the inside of the conveyance tubes 1 8a and 1 8b with the electric 
heaters 1 9a and 1 9b. That is, by heating the big and rough charged particle in the conveyance 
tube 18a and 18b, minute mist is evaporated and it becomes positive or negative ion. 
[0045]In the mixing part 40 connected to the reheating section 30, it is conveyed by the above- 
mentioned conveyance tube 1 8a, and is mixed with the positive ion taken out by the reheating 
section 30, and the anion which was conveyed by the conveyance tube 1 8b and taken out by the 
reheating section 30. That is, the ion of positive/negative is mixed near the exit of the 
conveyance tubes 1 8a and 1 8b, and it is supplied towards the charge body S arranged near the 
exit. ; 

[0046][1-2. operation effect] Next, the operation effect of this embodiment which has the 
composition mentioned above is explained. That is, in this embodiment, the electric charge on 
the charge body S is discharged as follows. First, in the 1st and 2nd ion generation chambers 8a 
and 8b, the air or unreactive gas supplied from the feed pipes 4a and 4b serves as ion of 
positive/negative, when soft X ray is irradiated by the soft-X-ray generating parts 9a and 9b. 
[0047]In the 1st and the 2nd ion generation chamber 8a, and 8b, a steam is supplied from the 
steam feed zones 1 2a and 1 2b f and low temperature gas, such as low-temperature N 2 gas, is 

supplied from the low temperature gas feed zones 13a and 13b, respectively. The steam supplied 
from the steam feed zones 12a and 12b will be cooled by low temperature gas by this, it will be 
in a supersaturation state, and minute mist occurs. For this reason, when the ion of 
positive/negative by which it was generated, i.e., a minute charged particle, adheres to minute 
mist, the big and rough charged particle of positive/negative is generated. 

[0048]And in the 1st ion generation chamber 8a, since the voltage of the anode is impressed to 
the filter electrodes 16a, the big and rough charged particle generated by the filter electrodes 
1 6a from the anion is absorbed. Thereby, the big and rough charged particle generated from the 
positive ion is supplied to the transportation part 20 through the filter electrodes 16a. On the 
other hand, in the 2nd ion generation chamber 8b, since the voltage of the negative electrode is 
impressed to the filter electrodes 16b, the big and rough charged particle generated by the filter 
electrodes 16b from the positive ion is absorbed. Thereby, the big and rough charged particle 
generated from the anion is supplied to the transportation part 20 through the filter electrodes 
16b. 

[0049]Thus, the big and rough charged particle of the positive/negative supplied to the 
transportation part 20 is conveyed to the reheating section 30 by the conveyance tubes 18a and 
18b, respectively. And by being heated by the electric heaters 19a and 19b in the reheating 
section 30, minute mist evaporates, and it becomes a positive ion by the conveyance tube 1 8a, 
and becomes an anion by the conveyance tube 18b. It is mixed in the mixing part 40, and these 
are supplied to the charge body S, and neutralize the electric charge of the positive/negative of 
the charge body S, respectively. 

[0050]In the case of a positive ion, the diameter of the atmospheric ion by which it is generated 
in the ion generation chambers 8a and 8b which were mentioned above, i.e., a minute charged 
particle, is about 1 nm, and, in the case of an anion, it is smaller than a positive ion about 2 to 30 
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percent. The electric mobility of the ion of these positive/negative is 1.26x10 m /Vs and 
1.56x10~ 4 m 2 /Vs, respectively. 

[0051]Here, the electric mobility to the size of a charged particle is shown to drawing 2 . As 
shown in this graph, when the diameter of the big and rough charged particle by which ion is 

generated by minute mist by adhering is 0.1 micrometer, electric mobility falls to 10~ 4 cm 2 /Vs 

(10~ 8 m 2 /Vs). As a result, the speed of the charged particle which moves to a wall from the 
center of the conveyance tubes 18a and 18b becomes remarkably slow by the conveyance tube 
18a and the electric field which charged particle clouds form themselves in 18b. For this reason, 
the number of the ion eventually supplied to the charge body S can be prevented from being able 
to decrease the number of the ion adhering to the wall of the conveyance tubes 18a and 18b 
during conveyance, and decreasing. Therefore, it becomes possible to lengthen the conveyance 
tubes 18a and 18b enough, and the carrying distance of ion can be extended compared with the 
former. 

[0052]In this embodiment, since soft X ray is used as an ionization source, even if it ionizes any 
of air or unreactive gas, ozone does not occur. There are not scattering of an electrode material, 
deposition of the impurity in the air, and raising dust like a re entrainment, and an 
electromagnetism noise is not generated, either. Since it is the composition of conveying the big 
and rough charged particle of the ion generation chamber 8a arranged separately and the 
positive/negative generated within 8b to near the charge body S by the conveyance tubes 18a 
and 18b, electricity can be discharged also to narrow spaces, such as a crevice between the 
glass substrates stored, for example in the cassette. 
[0053][2. 2nd embodiment] 

[2-1. composition] Drawing 3 is a mimetic diagram showing the composition of the ionization 
device by a 2nd embodiment of this invention. In the figure, about the same member as a 1 st 
embodiment shown in drawing 1 mentioned above, the same numerals are attached and the 
explanation is omitted. 

[0054]Although generating of positive/negative ion and generating of the big and rough charged 
particle were performed as the big and rough charged particle generating part 10 in a 1st 
embodiment mentioned above within the 1st and the 2nd ion generation chamber 8a, and 8b, the 
ion generating section 101 and the particle generating part 102 are separately formed in this 
embodiment. That is, the big and rough charged particle generating part 10 consists of the ion 
generating section 101 which comprises the 1st and 2nd ion generation chambers 8a and 8b, and 
the particle generating part 102 which generates a big and rough charged particle from ion. 
[0055]Therefore, in the 1st and 2nd ion generation chambers 8a and 8b, the air or unreactive gas 
supplied by the soft-X-ray generating parts 9a and 9b from the feed pipes 4a and 4b is ionized. 
And by the 1st ion generation chamber 8a, when an anion is absorbed by the filter electrodes 
1 6a, unipolar separation of the positive ion is carried out, and when a positive ion is absorbed by 
the filter electrodes 16b, unipolar separation of the anion is carried out by the 2nd ion generation 
chamber 8b. 

[0056]The casings 21a and 21b are formed in the particle generating part 102, and the ion of 
positive/negative by which it is generated from the 1st and 2nd ion generation chambers 8a and 
8b, respectively is supplied to it. The steam feed zones 12a and 12b and the low temperature gas 
feed zones 13a and 13b are formed in the side (or upper surface) of the casings 21a and 21b, 
and a steam and low temperature gas, such as N 2 gas, are supplied to the inside of the casing 

21a and 21b, respectively. That is, like a 1st embodiment, by cooling a steam with low 
temperature gas, a supersaturation state is used and it has the composition of generating minute 
mist, in the inside of the casing 21a and 21b. And when the ion of the positive/negative supplied 
to the inside of these casings 21a and 21b adheres to the above-mentioned minute mist, a big 
and rough charged particle is generated. 

[0057]The above-mentioned particle generating part 102 is connected to the transportation part 
20, and the big and rough charged particle of the positive/negative generated from each casings 
21a and 21b is supplied to the conveyance tubes 18a and 18b. 

[0058][2-2. operation effect] Next, the operation effect of this embodiment which has the 
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composition mentioned above is explained That is, in this embodiment, the electric charge on 
the charge body S is discharged like a 1st embodiment mentioned above. That is, an anion is 
absorbed by the filter electrodes 1 6a among the ion of positive/negative by which it was 
generated in the 1st ion generation chamber 8a of the ion generating section 101, and a positive 
ion is supplied to the casing 21a of the particle generating part 102 through the filter electrodes 
1 6b. On the other hand, in the 2nd ion generation chamber 8b f a positive ion is absorbed by the 
filter electrodes 16b, and an anion is supplied to the casing 21b through the filter electrodes 16b. 

[0059]At this time, a steam is supplied to the inside of the casing 21a and 21b from the steam 
feed zones 12a and 12b, and low temperature gas, such as N 2 gas, is supplied from the low 

temperature gas feed zones 13a and 13b. The steam supplied from the steam feed zones 12a 
and 12b will be cooled by low temperature gas by this, it will be in a supersaturation state, and 
minute mist occurs. For this reason, when the ion of positive/negative by which it was 
generated, i.e., a minute charged particle, adheres to minute mist, the big and rough charged 
particle which uses ion as a core is generated. 

[0060]By being conveyed by the conveyance tubes 18a and 18b, respectively, and heating with 
the electric heaters 19a and 19b in the reheating section 30 like a 1st embodiment, minute mist 
evaporates the big and rough charged particle of these positive/negative, and it serves as ion of 
positive/negative. And it is mixed in the mixing part 40, the charge body S is supplied, and the 
electric charge of the positive/negative of the charge body S is neutralized, respectively. 
[0061] As mentioned above, the speed which moves to a wall from the conveyance tube 18a of a 
charged particle and the center of I8b becomes remarkably slow by the electric field which 
charged particle clouds form themselves in the conveyance tube 18a and 18b like a 1st 
embodiment by this embodiment. For this reason, the quantity of the ion adhering to the 
conveyance tubes 18a and 18b can be decreased during conveyance, and it becomes possible to 
lengthen carrying distance of ion. 

[0062][Embodiment] besides 3. In addition, various modes as not limited to the embodiment 
mentioned above and shown below are also possible for this invention. That is, the shape or 
attaching position, and method of each concrete member can be changed suitably. For example, 
it may be not the composition that conveys a unipolar big and rough charged particle 
independently like each embodiment mentioned above but the composition of conveying the big 
and rough charged particle of two poles. 

[0063]As a means to cool the ion carrier gas containing a steam, it may be not only nitrogen but 
other low temperature gas. It may be the method of cooling a part or the whole of an ion 
generation chamber with a refrigerant or thermo-electric refrigeration elements, such as liquid 
nitrogen and water, etc., and cooling ion carrier gas indirectly. 

[0064]Minute mist is not generated with a steam and low-temperature nitrogen gas, but it may 
be made to generate the particles of dry ice corresponding to the size (submicron order) of 
minute mist. And by a nozzle, the choke damp containing such particles is blown into the ion 
generation chambers 8a and 8b or the casing 21a, and 21b ( drawing 3 ), and electrification is 
carried out with positive/negative ion. In this case, a liquefied carbon dioxide can be used as a 
generating means of carbon dioxide. 

[0065]And the big and rough charged particle which carried out electrification of the particles of 
dry ice with positive/negative ion is conveyed by the conveyance tubes 18a and 18b like the 
case where a steam is used, it heats by the reheating section 30, the particles of dry ice are 
sublimated, and the charge body S is discharged with the remaining positive/negative ion. 
[0066]In the case of the method which conveys the particles of dry ice in this way, it is good 
also as composition which supplies the big and rough charged particle conveyed by the 
conveyance tubes 18a and 18b to the charge body S as it is without forming the reheating 
section 30. Thereby, while discharging the charge body S, by the particles of dry ice, the 
particles on the charge body S are flipped off, and the surface of the charge body S can be 
washed. 

[0067]When cooling a steam, it may be made to generate icy particles by cooling below to nullity, 
even when using a steam. Thereby, like the particles of the above-mentioned dry ice, by icy 
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particles, the particles on the charge body S are flipped off, and the surface can be washed. 
Thus, the method of spraying the particles of a solid with big mass on the surface of an object, 
and washing them has a high cleaning effect compared with the method of spraying and washing 

* fluids, such as water and air. 

[0068]As an ionization means, not only a soft-X-ray generator but a low energy electron beam 

p generator, seal radioisotope, an ultraviolet ray generator, surface creepage, or a corona 
discharge generator etc. may be used. As a low energy electron beam generator, the micro 
electron beam irradiation tube tube by USHIO, INC. can be used, for example, and what takes out 
an electron beam (soft electron) with the low operating voltage of several 10 kV can be used. 
[0069]When ionizing with the above-mentioned low energy electron beam generator, an 
ultraviolet ray generator, surface creepage, or a corona discharge generator, in order to prevent 
generating of ozone, unreactive gas, such as high grade N 2 gas, is ionized. . When using a low 

energy electron beam generator, an ultraviolet ray generator, etc., make it irradiate with each line 
like the case of a soft-X-ray generator via the window of source container provided in the ion 
| | generation chambers 8a and 8b. When using seal radioisotope, itself is installed in an ion 

! ; r generation chamber. When using surface creepage or a corona discharge generator, an ion 
1 generating section is installed in the ion generation chamber 8a and 8b. 
[0070]An ozone generating device is formed and it may be made to supply ozone to ion carrier 
I i [; gas!in the ionization device in each embodiment mentioned above. In this case, ozone is supplied 
J' to the 1 charge body S, without generating and reheating the minute mist of ozone, and icy 
1 particles by cooling ion carrier gas at -80 ## or less by low-temperature N ? gas etc., in order to 

: ;ij J liquefy at less than -80 **. The charge body S is discharged by this by the electric charge which 
, !' i -|; i icy 'particles and the minute mist of ozone have, and the particles on the charge body S are 

u removed by icy particles. Since ozone has the character which disassembles an organic matter 
• by the powerful oxidation, the organic matter on the charge body S is disassembled into carbon 
, j j | dioxide and water by the minute mist of this ozone, and it is removed. Thus, icy particles and the 
|; . ;, minute mist of ozone enable it to wash the charge body S surface. 

■!.. [0071 ][ — 4. — experimental result] — here, a minute charged particle (ion) is made big and 
. jl • rough to drawing 4 , and is conveyed to it, and the schematic diagram of the experimental device 
r ' s which, discharges a charge body is shown in it. In this experimental device, the just electrified 
1 metal plate is discharged by a negative big and rough charged particle. In the figure, air is 

| incorporated by 1 10 L/min via the air pump 51, the valve 52, and the flow instrument 53. This air 
■ ; ; | lis mixed with the low-temperature nitrogen gas emitted from the low-temperature nitrogen gas 
; (generator 55 via T character joint 54. 

; £00|72]The low-temperature nitrogen gas generator 55 has composition which has arranged the 
, ; [container 56 made from polyethylene into which liquid nitrogen (boiling point: -196 **) was put in 

j ! the tank 57 containing the water of ordinary temperature. That is, low-temperature nitrogen gas 

! :. ,; is : generated by evaporating the liquid nitrogen in the container 56 with the water in the tank 57. 
• By ^mixing with such low-temperature nitrogen gas, the water vapor of the air will be in a 

1 ;- ! j Jsupersaturation state. And such air is blown into the ion generation chamber 58. 

[0073]As for the ion generation chamber 58, width is set to about 5 cm, height is set to about 5 
I ' j f j 'cmjjlength has become about 25 cm, and the soft-X-ray generator 60 is formed in the upper 

' ? 'surface or the side via the window of source container 59. That is, the soft X ray generated from 
1 ' '{this soft-X-ray generator 60 is irradiated in the ion generation chamber 58 through the window 
, ,i. J of source container 59, and it is generated by the ion of positive/negative in the ion generation 
! chamber 58. 

. i[0074]As mentioned above, since the steam is a supersaturation state, the air blown into the ion 
: generation chamber 58 includes minute mist. Therefore, within the ion generation chamber 58, 
; jwhen^jthe ion of positive/negative by which it was generated with soft X ray adheres to the 
above-mentioned minute mist, the big and rough charged particle of positive/negative occurs. 
;. [0075]In the ion generation chamber 58, the filter electrodes 61 of honeycomb shape are formed 
j near the exit, and the back plate 62 is formed in the internal surface of an entrance side from 

! these filter electrodes 61. Negative high tension is impressed to these filter electrodes 61 and 

, ■ 1 l * i ; 

I J I 
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the back plate 62 by the negative high voltage power supply 63. By this, as mentioned above, a 
positive big and rough charged particle is absorbed by the filter electrodes 61 and the back plate 
62 among the big and rough charged particles of the generated positive/negative, and only a 

• negative big and rough charged particle flows into the conveyance tube 64. This conveyance 
tube 64 is a product made from Teflon, an inside diameter is set to about 1 5 mm, and length has 

. become about 2 m. 

[0076]The metal plate (15 cm x 15 cm) 66 of the electrifying plate monitor 65 like CPM210 by 
the U.S. ion systems company is arranged near the exit of the above-mentioned conveyance 
tube 64, for example. And the air containing negative big and rough charged particle clouds is 
sprayed on the metal plate 66 from the conveyance tube 64. Here, the metal plate 66 is 
beforehand charged in +1 kV, and measures time until this metal plate 66 is neutralized by the 
negative big and rough charged particle by the electrifying plate monitor 65 and potential 
declines to +0.1 kV. That is, it turns out that there are many negative big and rough charged 
particles conveyed by the conveyance tube 64, so that this potential attenuation time is short. 
[0077]Negative ion is beforehand conveyed by the conveyance tube 64 as it is, without making 
ion make it big and rough within the ion generation chamber 58, and the time at the time of 
spraying the metal plate 66 is measured. As a result, when ion was made big and rough to 
. potential attenuation time having been about 30 seconds when not making ion make it big and 
rough (i.e., when a big and rough charged particle is generated and conveyed), potential 
attenuation time was 1 or less second. 

[0078]By making big and rough the ion which is a minute charged particle, and considering it as a 
.big and rough charged particle from the above thing, the quantity of the ion adhering to a tube 
.inner wall can be reduced, and it becomes possible to convey many ion. Although the above- 
' mentioned experimental device showed the case where a negative big and rough charged particle 
was conveyed, the same may be said of the case of a positive big and rough charged particle. It 
is also the same as when making two-poles ion big and rough and conveying it. 
'[0079] 

[Effect of the Invention]Since according to this invention it is considered as a big and rough 
: charged particle and this big and rough charged particle is conveyed with a tube by mixing with 
;minute mist etc. the positive/negative ion which is a minute charged particle as mentioned 
above, the quantity of the ion adhering to the wall of a tube can be decreased during 
conveyance. Therefore, carrying distance of ion can be lengthened. Therefore, it becomes 
■ possible to fully discharge electricity also to a narrow space. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a mimetic diagram showing the composition of the charged particle conveyance 
type ionization device by a 1st embodiment of this invention. 

[Drawing 2] lt is a graph which shows the electric mobility to the size of a charged particle. 
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[Drawing 3] It is a mimetic diagram showing the composition of the charged particle conveyance 
type ionization device by a 2nd embodiment of this invention. 

[Drawing 4] It is a mimetic diagram showing the composition of the experimental device which 
• makes a minute charged particle big and rough, and conveys it. 
[Description of Notations] 

10 — Big and rough charged particle generating part 
20 — Transportation part 
30 — Reheating section 
40 — Mixing part 
4, 4a, 4b — Feed pipe 
5a, 5b — Valve 
6a, 6b — Flow instrument 
, »7a, 7b — Membrane filter 

*8a — the — the ion generation chamber of one 
8b .— the — the ion generation chamber of two 
,9a, 9b — Soft-X-ray generator 
11a, 11b — Soft-X-ray window of source container 
t 12a, 12b — Steam feed zone 
1 13a, 13b — Low temperature gas feed zone 
1 ' ' ,;14a, 14b, 15a, 15b — Filter 
\i 1 6a f , '1 6b — Filter electrodes 
' j 17a, 17 b — DC high voltage power 
». ■"• if; 18a,j18b — Conveyance tube 
\ ,! ( 1 19a, ;i9b — Electric heater 
1 ; ; , yi 1.011 — Ion generating section 

\ "! j 102 — Particle generating part 
I |i |21^; 21b — Casing 
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[Drawing 1] 
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(54) #«S^fHeSI^-Y^MbSBRac^ 



(57) mm\ 

a , 8 b iZ y &.Xffi&±& 9a, 9 b Srgatt^ -f 
ft&gB 1 2 a , 12bififi^^l3a, 13b 

Sft^iiSfa-^lSa, 1 8 blCfcoTtRiaH- 




[4$fflFS9#<0*S6l] 
ii^^-fb^fiicifc^-c, 

a^^^vm^^^^coTk^^ia^fo^idL-TM/hs 10 
j| : ( mi2^^.-^rtfi^-t-5fiis^*^i-5 r tic £ 

i- i; .9*, 1&^f<0^m%i:i&ma^m\c LT«/J<5 * h Sr 

. I : ^IEjE A -f 1 Htrf3$bh 5.x b b ^m-fr £ -tir-Cffi*^ 
'■' W&*k L, tt^mra**BWe^a-:/fc{fc*&i-5 

i-oTWIB^m^Srl^mL, l^l^tc:StHB?J«o#ita j f-fc:«t 
E»lf*fl:*iii*r**r*iiSr«f«4-*-5W*qilxr4 40 

8 0*JEtTlcJ«M^«ii|j:j;9, 



> #|JS 2000-208293 

2 

b^-r^m^nc^^xmt&mmw^mm 

WIE^y^iOtR/hS^ hlCfc 

go 

l*I*»o-C'f*>'«iS^*rttl&-t-S^a-yi, utiles 

&-tzm.*i$iim*&£.¥mbt:Mcffii^ 

-^rtcoftiFlB^ ^-V^^f^ *tim LX WIB K 5 -T T -f 



3 

*M-5r t4r^mt-r5i«*jsi 2x111 3tE«o^® 

x <o mmfroismcfafro x-< t-^w&ifx *wii&-r z> 
* ■i-xi'^m fc «t o r * ■* y-it-t 5 ffi m&^-ts &5t^ 
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4 

[ff**16] IMt*l4:|lfc*-*-5fc«>fc, 

10 4:J8£U 

«H^*W«»^*WIB»«frroiE«K:|Hfi(&i-5 rife 

20 &ftw$L*mm&<( x-^KXib, 
[0001] 

[0002] 

(«T, LCD) ^SrfflJjg-tS^ V-^ATtt, » 
^^^-^rjlMS-r- x^ > * Stttfffitt L^-rw> 

[0 0 0 3] ±fc % LCbcD^-g-tt, ftMlXSTft/j;* 

[0004] ^ri-f, ^*<t0, icoi: y-v/u 

o xmm^xmn#±<om!i&®&&<D4 *is-e* 

SO [0 0 0 5] 



5 

[0 0 0 6] iff*p % ¥^t^LCD^O$ajg^B 

'■r^z„ 20 

|.[0 00 7] JgK, 0IJx.fiLCDW®{3tXSJc:*5V>T 

'^BJ8-C*>ofc 0 lot, t©i 5 ftS*^*-*— 30 

5 m«i«tM 5 t its * o t # x v > . 

■ [00 0 8 ] &>±<D£ o ?mm&M®:-tZ> tz£>\C^ 
[0 0 0 9] 4fc, -Y3j->l8^3.=.y b&&m{£1»bffi 

*tfc»0fjc»«i-5*ue>» KJft««rt^-faj-wtsgB<o 

fc*oi9:B^-<-^Sr^5^^«l< , £fc, 

^- * td*t L T t WU* ft 0 r t it t? $ 5 „ 
[0 0 10] L.^L.##*b. rroj: Sft^-^lcj; ■? 
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[001 1 ] ±IE<7) <fc ? ^JKftWwWB^ 

maw ^xmmR^m^mm-r^ ztic&z. 

[0 0 12] 

[0013 ] IS*^ i m®,<oftWte, BfJ?3^^-^(r 
ffi^tt/cf ^-V«e;j^^^<&r^Sp-f-2) i t lei 9 , tg^ Or 

[0014] tmm. i 2 fB«<D5ggstt, sn*^ 1 iB«sro 

[0 0 1 5] tnXmiRXfl 2fE«W|8W{C«ttv«, 

V^^/J^ 5 * h {ciBf K «fc <9 W« LT , iE* <Dm±#f 
oiSifCroifigiciSi^otM^, *$fH*:£ffnL 
[0 0 16] rmtpt, IEA-<^-^SrJ(a^®tli^i 



. 7 

Tt-5. :«fc», JSitf Id^ — 

* £ LT^&fitffl U litres ~-yrtfc{Ha»-*-3lltriB 

' [0 0 1 8] SSjfcJg 1 3 KS*ro»WHt, ffijftJl 2 fBtt© 

i ; fcW^/hS^ btSra*S*Tft*ffip«te^-t U ft 20 

[0019] .»#Jl2Xf±l 3JB*©»WlcJ;ixti, 
•■ ^t^mmX* t>Tfflft«rffiffli-53t«>, «*JS 1 XI* 

;! ft&flfrsp £ 4x5,r. £ id J; o xiitSfPttftg £ & <o , t&/jN ^ 
: j*y#$8&i-3. d. coasts;* hijEA-r*^*«»^t- 
; :arfcKi9a#cfflr««t-T-i«^Bfcsii, d. 

• :^^-=-^{c:J:oT«Sfls:<Difi#tc:tR5tfeStt5. d:co 
: ...It*)', n^miJUtl 2B*©3BWtW*te, J&i&^ld 30 

ir i/<Dmmm*w < -r s d t 

.'' [0 0 2 0] ff}jfcJS3iE3£cD?§BJ3tt:, f»*JSlXIA2ta 

i : x&#&&.T\abmTz> r tic j; v) , n>f 

#Oie»JC«i(&i-S d, t Id <fc 19 , WIB*©«|ft^-©fl-t- 
5«fflfliJ:oTmiB»«flsSr»flL, |3}R#ldi|{ji27)«otl& 
Id J; o TfiJfefi?ffift:cDSffi<D^!ft^£# $ fRtf-f d 

[0021] 1 4 iH^w^pjii, m&m 3 tB«gro 

111 3IS*©*Wl;:*JHT, ■JWHB*3R***tfllWB-f * 
>iai£#*£^«WTId?£;^-5ditd«fc t), tiMXis 
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^»-J:oTWIEW«»:*ffiolWft^-4rJ|i#JHtiirc: b Id 

[0 0 2 2] «*«3^tt 1 4|E«cD^ldJ;m*\ ^ 

<fc<?, fo<omiL*tf&£.-tZ B dtfJ*<Z>?»*a:^-;6SiE£-Y 
t>t <t o r 4x-5 d <t ic: <fc 0 fe^:?gf®fa^- 1 & 
f« ^=--^ld«toT^B«rwia^ldffi;iM$nS„ d© 
7k<nnfiL*<F>&-t 5 mffi Id J; o T ^ 
tt^il^Bfld, *co^!Ki 1 ldJ;oT«l|ft:±CD^!Kr-i : -^ 

^^SIdnA^f^ltTi5fe^i-57tto, *-^ffl««p«5j(t 

[0 0 2 3] f»*«4 8Biffi(D%^tt % |**3l3fB©co^ 

t5MIE^-^>Sr-g-tfS5|5«Si*^^Sr- 8 OftWTId^ai 
i-Sd.irld.ti3, tt^a|->ilRiS^«f«>*3R«l*»6*«) 

S®^ldJ:orffiJ|B«mft:5rl^®L, P^ldfitfiaTkW^t 

Id «fc o TStfSB*Sft:Sf ffi^f Sr3P £ 
Id, #rf5^y^<75«!!/h5^ HdJ;oTMIB^F®*±W^- 

[0 0 2 4] W*«4?Btt<0^^|dJ;ti,tf, -f^Vjai^ 

0«y,Tld^i|]^ix5dtldJ;t?, JkomsHSRtf*-:/ 
v<p3S*s;* h^fifesn, tt^rffirWtt^iftD, ^a 
-^ld«toT^«^coifi:^|d«8i3l$n-5o dcott, * 
ro^fe^-S^l/VCOm/J^^ hOfl-t-S«^fld,toT 

* Md±oT^m^±WW«^^-^k^t*tld^ 

[00 2 5] W*«5fE«tD|§PJ|i, ft^l, 2, 3 

xli:4lB^w%^ld*3v^T > mmftip^m^ &m.mm 

5„ §»*«5lE«w^ldJ:^«, -Y^v*SjS^^7)51S 
m^^f^ Id J; or ^ip^ix, -T^vaSi^^^OTKl^ 
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[0 0 2 6] lft*9!6IBtt0>*89]tt, tt*«lX»4 2ie 
W**6lB*©38Mli:J;*bli, #J;il4*m^fc-*^ 

10 

[0 0 2 7] WjftJB7ia*0>»iPj»i % K9^f T^*<£>3& 

[0028] mxmi sts.wt<6i6mtts §t*JS6is«feco 

■;!l0 0 2 9] 7X14 1 5iE*«5»9JK:.fcix»*\ Ul 

oT«Si^i-Sr tJcit), ±34 LfcffB #Jg 1 N 2, 12 
XI4 1 3 lEttcoSIB^ t IsJtill;:, t&igfK^-rADrtlig 

•[00 3 0] IS^JlStS^ro^fj:. K^^T^^Wft 

mib Y^-iT'f w&bteftLT-KXi xmmmw-tDm 

[0 0 3 1 J 6e«M>»Htt\ W*JS8fEttco 

»»/J^«t ; F-*r-&tf<B;aro-|Wk«3H^^4:»4U, Aft 

ffiiE A ^f- v t atriB k ? r -r * <o»/jN^*ft^ t £ si-s- 
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££±0, BtHEK9'Tr-('^©»/hJi;tt-?-S:^ri-5«ffif 

mii-rz t[cx<o wie^h^e 3 r t &«mk 

b LTI/>£>„ 

[0 0 3 2] »^8Xttl 6BttOJ891£-J:*llf, K 

9-r r-c ^©ttfswt ufcfi*w««t^-s>»*flsc#f 

[0 0 3 3] fft#£ 9 IBttoaWtt, MM 7 fEtt©38 

&Jtra$i Lxtftie K? -f ;* 

t -^^-e^^-^waiPifffil4:*P!lft-rs r i J; D , 
K9-YT-Y^*S#^UTjEA-l'^-Vt^i3, Jtftfetfflf 

[0 0 3 4] ttJft^l OfBttro^^tt, 75M9 
*<&Wb LT^5. 0JE*<O»IUfc:.fcift«V -f 

[0 0 3 5] KtjfciS 1 1 faftO&ni*, fjtjfcjg 1 leftro 

[0 0 3 6] 

[0037] c 1 . * 1 (ommnmm 

[1-1. mm m 1 14, 1 <Dmm<omm\c 

*>e>«/a*nr^5. ft*w«tt^-»4«ij 1 o t«t, ^ 
y-^u-^,f*3if(75^ x xte tidies n, ^^^o^K 



(7) 4$Hf! 2 0 0 0 - 2 0 8 2 9 3 

11 . 12 

4 bl4, '</U?5 a . 5 b , fiEfift 6 a , 6 b RTf* V ^^lil6a, 1 6 b 14, ^ 1 &tf$f| 2 

^l/y-7^^7a, 7 b^U, mi8.Xfm2(D tf+^8a, 8 b 7»>ibB 9 til LfcV^ttfcWtlftT-fc 

5 « ffi«*W-d*«iR3ft<5. rftfc:j;9, 1 ro-f *i-v$g£ 

0»***tt*'>>&»£Lfc^a* (5%S«£tT) ft. 7^«H6a, 1 6 b5rIotIlMl2 

"CfcS^ ^tfcStWttS. co-<^-V^±^-w^8 a, 8 b offl PfiiJ*>b«6^S5 2 

'[0 0 3 9] £fc, IlS^f 2^ty%lft^ OKfW&Sfti. 

8a, 8 bjr»4, ±.mAaw\zMft-t?>aiQMi>mmm 10 [0043] st, iiMS2^^Mf+y/< 

2 0-£roSajfc«S£fcoT^*. JEK, S1M*2W 8 a, 8 b <D_h|Ettl R<»Ka4, »2 0««!if a- 

tVStft^Sa, SbCDffiijffi (X»4±K) /18a, 18b«JJiT^5. :©»a-/ 

-r*^fl2*«iLr-tft^ix«txKl»^igfli9a, 9b 18a, 1 8 b t LTI4, 01RI47- 7 b ^, # D 

ft, ±K{WMf 4 a , 4 b *tb«>f^-V»j||^ [0 04 4] St; fflR»3 0tt, 

f&l&U^CD^VSg^-lr^S a, 8 b f*9 a, 1 8 b ©tHP#lWlCffi[t LTfe?., — ^ 1 9 

•^•t.ft-Sfft'f ^>-{ki-SJ;p|C«^$ft-CV>?>. a, 19biaotigf a -yi8a, 18bCOI*|ff|S 

■■aj" ,8bi:<OlS««B^C»4 % ttX*J»|t«i 1 a, 11 18a. 1 8 b rtOfi^ffiWfrF-fcJnjRrt- 5 - t \C J; 9 

b asHStt f>ftT:fc 9 , rr^^^iso ? ^2(0-r , ^-v|g 20 h*«flwb*ix» EXiiA^tvt)i5 0 

•^•TV^Sa. 8 brtJJlttX«l*JRH«Sft« 0 10 04 5] Km, ff»»3 0fc»tt**Lfc5*^^ 

'[0 04 0] JBlftlF* 2©* Sl54 0-C(i, ±fSl&£^~^ 1 8 a KJ: oTM^ 

8 a, 8bO{|iJS (Xttiffi) «C»4, JP®^IS:-efcS7K ft, f?!&S&3 O-efcfl HJSftfcE-f , J^^- 

^^§|512a, 1 2 bi, ?&ai*«-C*>*»(*:N, / 1 8 b lc <fc o TtRiS £ft, fBftMfl 3 0 "CIR 9 ffl Sftfc 

i«f^jK^*SrflJfflbfcfia*^«*&«i 3 a. 1 3 b fc-f^ift^SftSi ffcfc>*>, Mfa-^18 

^■At«Sa^^«Sa!i«*»b, tftfft7-f^u WP<oifi«»cffi«Sixfc«««eSfc|ft].triJb|fe*ft5. 

a, 14bWl5a, 15b^LT, HSO!l2 [0 0 4 6] [ 1 - 2 . fpffljft*] ±Sfi Lfeflffifc 

tfW^Sgfc^-y^s a. 8brt(C7K^«tN 2 «:*-*-****©JgtB«>fPffl»*lCoV^»Wi-5. f 

UT^«rffiffli-5»-g-, ±IE*^tt^S|5 1 2 a , 1 ±««Wf*«»«*ft«. ^lMi2C-ftyi 

2 b5r«B&LTt J;V\ tft^<8a, 8 b K*5V>T, lfe£1f4 a . 4b^fj 

[004 1] rro^MSlS^a, 12bA>P,M tfe&$ftfc2^t>L<l±#Rttti:#*#, ttXi»3S^8B 

t5*I»^ fia^ftj&liiaa, 13b«»b*tt 9a, 9 b J: oT«CX«l*SflB|* SftS £ t \Z J; 9 , jE 

■*ft*ffia^-cj | &si-sft«r tfcj:oTiMa«i«ti»i: AcD-r^-vt/«c?,„ 

£9, * h*S^-T5 0 LT, I1MS2W [0 0 4 7] 1 XWf 2 <D>f ^38£^+ 

^^4ftW<8a, 8 brtt*$vxr, (*»*ft5 • 8a, 8 b *-ft^ft, *|fc£HftfS«15 1 2 a , 12 

-f lc(fcX««rflRm-$ w <b Id ±otM L ba»6*]K*a*fW&£*u &Wl# 1 3a. 13 

fcEA^^v (-*-fcfc*, s a*, _hta^ b^bMN, ^f^*ofia^^*««»*-fts. ^ft^ 

'M* K-«-*-f-5CtlCj;9iEXI4ftco^^^^ ( t 40 J: 9 l 2 a , 1 2 b*>b«Jil5*I 

2^tyMf+^8a, 8 b f4, fltsftqi 1 , 'hS* f#38&i-5. ^fcft, ^*feLfcIEA(Oi'^ 

[0 0 4 2] Mlci, ilSO ! f2<o-i'3t-yMft^ tfcJ:orjEA05ft*fflf««t^i6S*rii*fts. 

8a, 8 b^»i*5V>T, ftX&mttf&l 1 a. 1 1 b «t [004 8] tLt, 1 1 O^^Mf +V^8 a I: 

9WD3F9, ■t*t>* 3 ±ftifBL*ffiW&*<Dmz&fflft *^V^r«, 74JU?mM 1 6 a tC3Efi|(D«BE^EnAP$ft 

IC, 'N-tfAJROTr^A^mflil 6 a, 16b*tftf Tl^«fcl&, 7-f^^ffi*|l 6 a tcA^ 

ftKltfeftT^S. 74'\"?m®l 6 alrfiiEfiBODC ftfcft*Wffl«[^*«!RlR*ft«. rftjw«t9, jE-f^V 

Bmffi«aSl7a, 7^yu^®fiil 6 blC(4AHwKB *»6±ril*ftfca*«rflMtt^-*J7 JUtmm l 6 a Srii 

mnmi 7b*t-tft^ft»i«*ftTv^«. -r^^*,, 7 50 oT«s^2 0fc«^$ft^, 0 g2^tyM 
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Hflil 6 b^a-oT*SiHSi5 2 0{c:#t$&^tt5. 

[0 0 4 9] croj:5K:LT»a&fflJ2 0^tt|&*nSjE 
A«ttflfi^lt 8 a, 1 

8 b»CfcoTS*ftg|S3 0*T?tR^$tl5 o *LT, 
6»3 Ofcfcl^Tm&h— * 1 9 a, 1 9bt«totW 

1 8 a-ettjEf^-vt/j;!?, Mf^-yi 8 b-Cfirft 

[0 0 5 0] i)$LfcJ;j^tyMffy!8a, 

*^<Dm&l*jE4 *) 2~3#|;fI J K/h£l,\ > rtvfe 

jEA<7M *-i"a>miM£»*M:; *tl?tl 1 . 2 6X10 
r'm 1 /Vs, 1. 56X10-'m' /VsTW, 20 

| [0 0 5 1] :;-e, 12121c, ffiffi&^<o*:££{;i*hr- 

#0. 1 Vm-efc?,^ t^lSlllO-cm' / 
Vs jlO-m' /Vs) iWMf, MS 

T&rf—.Zf 18a, 18b rtK:|8^Tffi®&-?gtfS£ lb 

ae^^-^i 8 a, i8brot 
s„ d.(Dtitb, mm<p\mi£?-~-?i 8 a , isb<o 

itSitiS-CfS, fot, j«^a-yi8a, 1 
[0 0 5 2] ***fl5»«|-C»4, JX^itmk L 

V\, XK X SiJi@JclBB$ttfc^3j->-%^-w/<8 a , 40 
8 b|*9T38£LtiEAoffi*ffi®|&-?-£, HKST-a-:/ 

i8a, i 8 bvmnfts 

tip. y M*9H«HftLfc^T9^a&K«>BWB] 

[0053] i2. m 2 <n>-$m<»wtm 

[2-1. El3li, ;M^0ft2a%ttrojftttK: 

£5^><b£fiw#*$&^i^5*;ig-c*>5„ inlaid 

I^T, ±a»LfcHlK*-fJBl©3W6<0»ttfc|B«||ott 

50 
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[0 0 5 4] ±3$ LTcfR 1 0>*lfc0>JBt8-eB:. ft^® 
6151 o i tifemg^i o 2 tasgiHSicsattibixT^ 

s. -r&*3*>, a^wwa^*** i o a, mi&tffg 

2cDl'^->'^^--y^y<8 a, 8 b *>fe»JsK*^5>f 
v|§£6(5l Oli v W^v^bft^iKfrntt^Sr^f <5 
&-?-$§£6l5 1 0 2i*>t>45, 

[0 0 5 5] lot, ^lSt/^2CD^^-V%^^-^ V 
^8a, 8bn*J^T\ #tXj»^6f59a, 9bK.fc 
ffc|&<g : 4 a, 4b*»fe«i»Sjh,5a»«XJ4*BDStt 
^Wk^nSo ^LT, Ml cD^;?|->-3§£f--r 
^8atli, ^-f^^miSl 6 a fcA^^-V^SPiiilK^ 

*r^'< 8 b 7-f^^Hii 6 blCIE-r 31- 

[0 0 5 6] *fc, «t^-»^an 0 2|dtt, ^-^^ 
2 1a, 21b *S|8«t f>ttTi3 9 , -ttb-etl.® 1 &U*S& 
2(0^4-^^^-^^^ 8 a , 8 ba»f>S8£i-5jE:ft0> 

if 2 1 a , 2 1 bcDtifJS fc|4. ftftftft* 

61512a, 1 2 b ffcif&asi 3 a, 1 3 b £ # 

I9:»tt>HT*3f9, Jttt^h,*— 2 la, 21brt 

fcofl/>5. i/>?2 la, 2 1 b 1*9 615 

(dfc^T, ^lcoHSS(0^«8i:(B]^^ x *^«tS:(g:®# 

^2 1 a, 2 1 brt6|5IC^$tV-5iEAC0-l'^-V7)5, ± 

[0 0 5 7] ±fB*fir^^*6l5 1 0 2 f±f&i£6l5 2 0 

JcSSt^tT,T*Dt), =S-^-->V^2 1 a , 2 1b*»?>^ 
*-#-*jEArott*Hir«tt^-*s, aSiH^a-^l 8 a, 1 

8 bictfcjj&isaxa,, 

[0 0 5 8] [2-2. f^ffl^*] ±iELfctg^ 

^-V^^615 10 1 (7)^ 1 OT-f -rys< 8 a "CSS 

6 a (C5fil|x$n, IE-f ^V^^-C/U^mfill 6 b Sril-o 
Tifa^%^6i5 1 0 2©^— >y^2 1 aJC^I&^^-So 
— ^2<D^^f-V^^^V^8 b-Cli, jE-f^-V^ 

7-cyu^«^i 6 bKKifc^tu ^yt^y^/^m 

mi e b*m^x>r-i'i/?2 i bizmmztiz. 

[0 0 5 9] riOtt, ^r-^21a, 2 1 b 1*9615 
tK^^W^SB 12a, 12 bfrbfcmHtf&te&tl 
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i&lB.#X&mU 1 3 a , 13b!)^N, 
12 a, 12 b^^tt^^iX-S^^^a^^tJlJZo 

[0060] r^^EAcDa^^fm^ii, ^lomfe 
<onmt matte, twntif^-^i 8a. 1 8 b 

KJ;o-C$&i£$*l, ffi?!tSi53 0 d&l^TS^t: 1 9 10 
a, 1 9 biZ£oTDBm-i-Z>Z.bl,z£iO^ S£/h5* h# 

[00 6 1 ] J^±ro J; p fc, *&M<DT&M\z. J: tj , ^ i 
W^JSO^ffit^tC, Sfij^^a.— :/l 8 a, 18bft 

•^COaSjU^a.— ~7 1 8 a , 1 8 bCD^^fc^lCl^t)) 

a, 1 8 b(dM«i-^-r^^<o4^^>^-it 20 
*i«fc#-C#, :i-5}-VW«Si||8gg|<Srft<-t-?,- t^pj^ 

[0062] [3. mvmmvMffi-] *mw\z± 

[0 0 6 3] *.M%*<e;ts-<*>mm-#**niM 30 
[0 0 6 4] ifc, Tk^tffija^^^i^i ij^/h 

^?^n^-y-) h'y-JTJ xcoft-?-* 

^8a, 8bXli^-^2 1a 1 21b (EI 3) 1*3 

[0 0 6 5] ^rbT, *3£^&fflV>fc:»£i|smUc: % K 
^jlf-^-T'l 8 a , 1 8 b-C*8i£U Pf!?*«S3 0T 

[006 6] tfc, ClWj; K^T-r^O&^Srflg 50 
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71 8 a, 1 8 b-C^Ufc!(l^««t-f-Sr^<OSS^ 

ft-tz>z.btfx$z> 0 

[0 0 6 7] Sic:, Tk^fcffl 1^-5 4§£-T t>, 

9-(T><x<Dn*bmmc. 7k<DU&?-^£.oxmmfc 
s±<Dmn**w$ffitt\^x?:(Dmm£ffi l ft-rz>zbtf 

-C%5„ ironic, Wio^^^H^;^^^^ 
[0 0 6 8] *fc, Y^-Wt#tibtii, #cxi&?§£ 

wfc^mifemfcx-n^v—j* (y7 h^u^ hay) 

[0 0 6 9] ^fc, ilBteai^/Wdf-W^^^g, 

m^bmm^ -^^-v^^^-r v^<8 a , sbjc^it^ 

^8 a, 8 b puz&m-rZo 
[oo7o] ±&L,tz&mM<orm\ctdvz<<* 

^filN, ^f^.^T-8 O'CWTt-^-rS^ tJCto 

stf&msfozbMz, mnw-s±.<DW&.^m^.(Dwm. 
>v ? ^ mc «t v , s ±(o*r«»*< - swbK* £ * 

fifc*£ft-5. rw<t5l-, *<73$c!|5W-<!: 

[0071] [4. :;f, ^S/J^^8^ 



17 

S J; pC^otws. l*)0fc:;ioi,">-t, ^TzKvt's i, 
^;/5 2&U«Sf+5 3 Srtf-LT, 1 1 0 L/ 

[0 0 7 2] <S?ES[^^^?g^B5 51*. i£#&5?i 
. : — 1 9 6<C) *Xfrtz.7$V ^U^mn^^S 10 

[ 0 0 7 3 ] 4 ^Vf&dfc^-y >v< 5 8 te\ iJBriJjft 5 c 
, m',; m£i>m5 c m, S.I^g*^2 5 cmt/iot* 

£H6 0 7)^t>^^i-5^XiH^, H8*H&5 9£Ji5L-c-•1' 
*:vSg£^^^*5 8fifcj$M£;}-u -Y^->-^^^--r>- 
/<5 8(*Hc:iEAco-r^-v^^^i-5 j; 51-&oti>3„ 
; [0 0 7 4] ±iELfcJ;5lc, -<*^&4i?-^>s<5 8 

I ^mm^mmmt^-ox 

{*#iWfiL' : F&ft£.-tZo 30 

[00 7 5] *fc, 8(*HC1:*3^ 

• xy fta&mzte^-ii j*yt<D7 >( /u#mM6 1 as^tt 

t>jh-T*5>9, rcD7>f/P^®^6 1 J; 9AP{!Uj£D|*j§£ffi 

^^^-^6 41^ fynyltfcoT, rtS^ 40 
ft'l'5mm, g£rtS#)2mi:/,e-o-Ct^.5 <> 
[0 0 7 6] -tfEa8&^-^6 4<73ttlPjfi^ 

fc, 01Jx.li*:H-t'^->'v'^7 i AXtt$!JCPM2 1 0<O«fc 
5 ft ^31 ^U— h-t — ^ 65015 c mX 15c mCD& 
JRT'U— h 6 6£l2B-f 3. •tLt, «Sgfa-/6 4 

kVl^mLT*J"9, ^m^U- 6 5|ri 9, 

^cd&JRtV- K 6 6&fi.<Dfaj<:ffiW8L*[CZ.-oX**i 

sn+o. i k vKmiLfrw&-t-z>*x<Dmm*m-&-t 50 
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[0 0 7 7] ^«> x ^3fyStft^5 8rtT? 

-< 3}- & *a ;Mt * -tt-f w -r ^- ^ &• -e <d * * w^f- 

-^6 4|C-C*8^L, ^JlT'W— h 6 6IC?*:##(tfc* 
i£&V^§£\ mffii^«B#ffll*^3 0^-Cfco/t(73tC*t 

[0 0 7 8] J^±CO-t^t> N ^'J^m^^TfeS-f * 
[0 0 7 9] 

[0SOfffi*/«ctSiB^] 

[01] **Wo*iro*ifc<o»fflifcj:5ffirWft^.j|Rj|j 

v<biSB ft ^ -f-m^EI -e 5 o 
[0 2] ^»ta- : ? L o^:#$^Mi--5fl;^i#«)Sft7n-r^ 

77tfc5. 

[0 3] ^%mnm2(omm<r>wM\z.x^nw&. :: f-mm 
[04] m^mtiL+z&MkLxmm-tzmmmmn 

ffirfLZfrt-tmUmxib 

3 O-BIMIS 

4 0--5df-V^^|f|$ 
4, 4 a, 4 b 
5a, 5 b -/W 

6a, 6 b-mm$t 

7 a, 7 b ^-fVls • 7 4)V$ 

8 a-gi^^yMftv^ 

8 b-!2ro4'^VMff>/< 

9 a, 9 b-1fcxm%£.m& 
11a, 11 b-«tX|||Rlt!K 

i2a, 1 2b-*mx.mi&n 



Best Available Copy 
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13a, 13 b"-ffi»#*#jf&SfB 

Ha, 14b, 15a, 15b-7^/^ 

16a, 16 b'-7>f/^tft 

17 a, 17 b-DCmMS.WM 

18 a, 18b-«fa-7' 



(11) 4SWI2 0 0 0 
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* 1 9 a, 19 b-«5tfc— * 
1 0 l--f *V38dfcffi 

1 0 2-tt^»*» 

2 1a, 2 1 b- -Ir—i/ls? 



2 0 8 2 9 3 



[01] 




0.001 0,01 0.1 1 10 

o(^m) 
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